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Introduction
The extraordinary importance of an accurate recognition and evaluation of perinatal hypoxia begs the question for valid indicators of hypoxia. Since the 1950's the determination of lactate [5] has been discussed in this respect; more recently work by SAUGSTAD [17, 18] in determining hypoxanthine levels in the plasma of neonates has found wide attention. Elevated hypoxanthine levels under hypoxic conditions have been documented in many studies in animals [19, 20, 22, 24, 25] , as well as human newborns |2, 7, 13, 17, 21, 23] . In this work we will present reference data of hypoxanthine and lactate levels in healthy mature newborns in the first five days of life, as well as those in newborns requiring oxygen therapy, and those in well prematures. We will also present correlations between levels of hypoxanthine and lactate, the clinical course, and parameters of acidbase balance.
Patients, material, and methods
Group A: In order to establish reference values, hypoxanthine and lactate were determined in the blood of healthy mature newborn infants (37-42 gestational weeks). All infants had APGAR scores > 8, a postnatal course without complications and no clinical or other biochemical indicators of hypoxia. Blood levels were determined on day 1 (for hypoxanthine n = 44, for lactate n = 41), day 3 (n = 46 and n = 41 respectively), and day 5 (n = 46 and n = 44). For 36 (hypoxanthine) and 30 (lactate) of these neonates serial determinations for a longitudinal study were available. Group B: was comprised of 18 well prematures (<37 gestational weeks, no clinical or biochemical indicators of hypoxia); there were 18 hypoxanthine and 16 lactate determinations. Group C: Newborns with clinical or biochemical symptoms leading to respiratory support either by ventilator or CPAP underwent in 36 cases (29 prematures, 7 term infants) a hypoxanthine determination and in 31 cases (24 prematures and 7 term infants) determination of the lactate concen-tration in the blood. In addition to the determinations of hypoxanthine and lactate a number of these infants requiring respiratory support had determinations of acid-base balance (pH base deficit, O 2 saturation), pO 2 , hemoglobin and hematocrit. There were no statistically significant difference between Groups B and C in respect to gestational or postnatal age; none of the infants were older than 5 days. For the infants in Group C we compared the hypoxanthine and lactate levels with the clinical state of the infant and the acid-base values. An elevated hypoxanthine or lactate concentration was defined as values above 2 standard deviations (log transformation) of the control group (Group A). The mean values found in Group A were not significantly different from those in Group B. Unequivocal clinical indicators of hypoxia were abnormalities in the cardiotocogram, or five minute APGAR scores under 7 (for values on day 1), and cyanosis with normal hematocrit values. Low limits of acid-base values indicative of hypoxia for capillary blood values were pH < 7.30, pO 2 < 5.33 kPa and base deficit > 5 mmol/1 as being markedly outside the limits of normal. Transcutaneous pO 2 measurements were not available at the time of the study. Hypoxanthine was determined according to GARDINER [3] fluorimetrically in blood following protein precipitation with uranyl acetate. For the determination of lactate blood was precipitated with perchlorate for an optical assay according to HOHORST [4] . Both assays were performed on capillary blood [6, 9, 14, 28] . The frequency distribution of hypoxanthine and lactate reference data for the various days of life were tested for normal and log-normal distribution [15] . The U-test by MANN and WHITNEY [27] served as test for significant differences.
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hypoxanthine or lactate (p > 0.1). The age dependent normal ranges for hypoxanthine and lactate levels are depicted in Tab. I and II. Based on the logarithmic distribution data have been recomputed for linear plotting. The levels of hypoxanthine decrease noticably with increasing age (p < 0.001). The lactate level drops from the first to the third postnatal day (p < 0.001) but no difference was found between the values for day 3 and day 5 (p>0.1). In Tabs 
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matures (Group B) are listed again, appreciating the log-normal distribution. It is apparent that the hypoxanthine and lactate levels in Group Β infants have a very similar age dependent course as Group A infants; a significant decline in values is only present from day 1 to day 5 (p < 0.05). Fig. 1 depicts the hypoxanthine levels found in the blood of infants in Groups Β and C. Values above the norm were found in two instances in Group Β and seven times in Group C. well prematures. There were 12 values above the two standard deviation limit in those requiring respiratory therapy. Tab.V indicates the extent to which Group C infants the hypoxanthine and lactate levels correlated with the defined indicators of hypoxia. The following cases demonstrate that infants with an unequivocal diagnosis of hypoxia by clinical, pO 2 , and acid-base criteria may have elevated as well as normal hypoxanthine and lactate levels. Conversely, infants without clinical or biochemical correlates of hypoxia may have had elevated hypoxanthine or lactate values.
Case 1: 40 weeks gestation, birth weight 2900 grams, APGAR scores 7, 8, 9, 9; initially unremarkable course. On the fourth day of life dyspnea, rales, seizures necessitating respiratory treatment. Blood gases following intubation, pH 7.19, pO 2 (capillary) 7.86 kPa, pCO 2 6.40 kPa, BE-11 mmol/1; hypoxanthine 20.9 μπιοΐ/ΐ (elevated), lactate 11.4 mmol/1 (elevated). Patient died.on the sixth day of life with a diagnosis of congenital purulent pneumonia. Case 2: 33 weeks gestation, Cesearean section because of late decelerations, birth weight 1740 grams, APGAR 2, 3, -, -; patient was intubated and ventilated and required continued buffer therapy. On the fifth day of life, still moderately cyanotic. Blood gases: pH 7.50, pC>24.93 kPa, pCO 2 6.00 kPa, BE 6 mmol/1; hypoxanthine 3.7 μπιοΐ/ΐ (normal), lactate 1.8 mmol/1 (normal). Case 3: 38th gestational week, birth weight 2670 grams, APGAR 9, 10, 10, 9. On the first day dyspnea developed, nasal CPAP was initiated. Blood gases: 7.28 pO 2 6.93 kPa, pCO 2 6.93 kPa, BE 3 mmol/1; hypoxanthine 14.1 μιηοΐ/ΐ (elevated), lactate 1.3 mmol/1 (normal). Case 4: 34th gestational week, birth weight 1590 grams, APGAR 5, 8, 8, 10; pH in the umbilical arteries 7.33. Diagnosis PIERRE ROBIN Syndrome. The infant was placed in an incubator and given oxygen. Blood gases at the age of four hours: pH 7.31, pO 2 5,86 kPa, pCO 2 6.66 kPa, BE 2 mmol/1; hypoxanthine 8.0 mol/1 (normal), lactate 3.0 mmol/1 (elevated).
There was a correlation between hypoxanthine and lactate values in Group A on day 1 (r = 0.48, ρ < 0.01) and day 5 (r = 0.36, ρ < 0.05). Similarly, within Groups Β and C each the hypoxanthine and lactate concentrations correlated as follows: Group B: r = 0.56, ρ < 0.05; Group C: r = 0.64, ρ < 0.001) (Fig. 3 ). There were no statistically significant correlations between hypoxanthine and lactate levels in the blood of the infants with respiratory support to any parameter of acid-base balance (pH, pO 2 , base deficit, oxygen saturation). Likewise, hypoxanthine and lactate values did not correlate with hemoglobin or hematocrit values. 
Discussion
We are not aware of comparable systematic studies of norms for hypoxanthine levels in newborns.
Various authors have reported a wide range of hypoxanthine levels in healthy infants and tottlers [2, 10, 11, 17, 18, 23] . It is likely that differences are largely due to methodology [9, 13] . It may, however, be concluded from the continual decrease of the normal values for hypoxanthine that it is elevated immediately after birth as compared to later in life. The course of lactate levels with increasing age seen by us is in agreement with observation of other authors [1, 6, 28] . On the whole, the correlation of hypoxanthine and lactate levels in the different groups of newborns is fair at best. The results thus concur with findings of others in newborns [13] and young adults [26] , whereas in animal experiments with acute hypoxemia highly significant correlations between hypoxanthine and lactate values have been observed [19, 25] . These extreme experimen-tal hypoxic conditions are nowadays seen rarely, if ever, seen in neonatal intensive care. Of 8 infants on respiratory support with signs of hypoxia only five had elevated hypoxanthine levels (Tab. V). It is to be assumed that the other three infants had sufficient physiological compensatory mechanisms as well as therapeutic measures to prevent any notable intracellular breakdown of adenine nucleotide. O'CONNOR et al. [13] found a similar low sensitivity of the hypoxanthine determination.
For the two newborns in Group C with elevated hypoxanthine levels without other indicators of hypoxia the work associated with crying or increased respiratory effort just before the sample collection might have been associated with physical stress. Physical stress may cause a brief increase of hypoxanthine levels [12] . This might also explain the two elevated hypoxanthine levels in Group B (Fig. 1) . Tab. V illustrates that of 8 newborns with signs of hypoxia elevated lactate values were found in 7; only in one case was the lactate level normal. Thus, the lactate level appears to be a more sensitive parameter for hypoxia than that of hypoxanthine. This matches the theoretical assumption that during hypoxia cellular ATP concentration is initally maintained by an increased glycolysis. Only very marked O 2 deficit will lead to a breakdown of adenine nucleotides and thus increase hypoxanthine in cells and plasma. The 5 infants with elevated lactate concentrations without clinical hypoxia were very immature newborns from whom samples have been obtained on the first two days of life. It is conceivable that a elevation of lactate originating from the time of birth may have lasted an extended time in these infants.
SAUGSTAD etal. [19, 20, 25] found in their animal experiments under specifically defined hypoxic conditions a marked correlation of hypoxanthine levels with several parameters of acid-base balance.
In an other clinical study [21] the correlation between hypoxanthine on the one and pH or base deficit on the other side are very high. However, they are determined essentially by the extremes, fairly compatible with survival and were treated among our patients. We as well as other authors saw no correlations in newborns [13] or young adults [26] . In several studies there were correlations between the levels of lactate in the blood of asphyxiated newborns and the base deficit during and 30 minutes after birth [1, 8] . The postnatal call on the buffer base content of the blood by the lactate concentration is only transient [16] . With increasing postnatal age according to our observations there does not seem to be any further correlations between lactate concentration and base deficit or between lactate and other parameters of the acidbase balance. Our patient sample was comprised of individuals with mild and moderate hypoxia. Evidently, in these infants cellular oxygen deficit was not severe enough to cause such severe disturbances of the cellular energy balance that unequivocal changes of lactate and hypoxanthine concentrations in the blood would have resulted.
For the practice of neonatology, we conclude that currently neither hypoxanthine nor lactate determinations are suitable for the recognition of hypoxia in the first week of life with sufficient sensitivity nor to characterize hypoxia as to its extent. Thus, we share the conclusion of other authors for the intranatal and immediate postnatal period [1, 13] .
Summary
This work examines the correlation between the concentration of hypoxanthine and lactate, the clinical course, and the parameters of the acid-base metabolism in newborns. In order to obtain normal values in mature, healthy newborns (Group A) 136 determinations of hypoxanthine and 126 determinations of lactate in blood were performed in the first five postnatal days. In well prematures (Group B) hypoxanthine was determined 18 times and lactate 16 times. In newborns requiring oxygen therapy including ventilator support (Group C) hypoxanthine and lactate were determined 36 and 31 times respectively. Hypoxanthine levels in the blood of mature healthy newborns decreased with increasing age (Tab. I). A similar course is known for lactate levels (Tab. II). In the group of well prematures (Group B), hypoxanthine and lactate levels have an age dependent course similar to that in group A (Tabs. Ill and IV).
Correlations between hypoxanthine and lactate concentrations were observed in all three groups (Fig. 3) but were not noted to be as well defined as has been seen experimentally (e.g., by SAUGSTAD) and thus confirm the clinical results of other authors. Among the newborns requiring oxygen therapy (Group C) 7 of 36 hypoxanthine values were more than two standard deviations above those in the normal group. For lactate group C infants were in 12 of 31 cases above the two standard deviation range ( Fig. 1 and 2) . The hypoxanthine and lactate concentrations of group C newborns were correlated with clinical and biochemical indicators of hypoxia (Tab. V). Infants with unequivocal signs of hypoxia showed elevated as well as normal hypoxanthine and lactate levels. Conversely, infants without clinical, pathological or biochemical hypoxia indicators showed in some cases elevated hypoxanthine and lactate values. On the whole, lactate levels appear to be a somewhat more sensitive indicator for hypoxia than the hypoxanthine concentration. This corresponds with the theoretical model that during hypoxia the decay of ATP may initially be inhibited by increased glycolysis. Hypoxanthine and lactate levels in the blood of oxygen treated newborns did not correlate statistically to any of the parameters of the acid-base metabolism (pH, pO2, base deficit, C>2 saturation). Our patient material included patients with predominantly mild to moderate degrees of hypoxia. Evidently, the cellular oxygen deficiency in these children was not marked enough to trigger sufficient severe disturbances in cellular energy stores to cause unequivocal changes in lactate and hypoxanthine concentrations in the blood. For the practice of neonatology, these results allow the conclusion that neither hypoxanthine nor lactate determinations are suitable to recognize and quantify hypoxic conditions in the first week of life. xygonc ehe/ cos enfanls ifotuit pas assez marquo pour declcnchcr des troubles sutTisammenl sovdros dos reserves oncrgotiques eellulaires pour enlrainor des modifications sans oquivocfucs des concenl rat Ions sanguines en lactatos el en hypoxanthine, Pour la conduite pralique on noonatologio, ces rosultats pcrincttcnt la conclusion quo ni la determination de ritypoxanthino ni celle des laeiutcs no sont des paramdtros adoquats pour reeomuiitre et quantifier le rctcntissomont de riiypoxlc au eoius de la premiere Ncmainc do νιο.
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